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CHAPTER I 
INTRODUCTION 
Science has been concerned with the  rhythmic 
per iodic i ty  of organisms f o r  over 200 years. The organisms 
1 with which man has worked have ranged from protozoans t o  man 2 
i n  the  animal kingdom and from algae3 t o  flowering plants4 i n  
t h e  plant  kingdom. Even with t h i s  d ivers i ty  of organisms, 
l i t t l e  work has been done showing per iodic i ty  i n  fungi as 
indicated by Erwin Bunning, wcircadian rhythms .,. are s t i l l  
t o  be found i n  many fungi. w5 Despite t h i s  small amount of 
work, it is probable t ha t  many fungi do possess a biological 
olock. Prank A. Brown, Jr. has stated, ha8 become 
' 5 .  W. Hastings, wUhicellnla+  clock^,^ Annual 
Review of Microbiology, XI11 (November, 1959),'29?-312. 
'M. C. Lobban, "The EntraLllment of Clrcadlan Rhythms 
i n  Man,w Bioloffical Clocks, Leonora R i s c h ,  ed i to r  (Sym- 
posia  on ~ u a n t i t a t i v ~ o g y ,  Volume XXV. Long Island, New 
York: Long Island Biological Association, 1960), pp. 325332. 
3 ~ i e t s r  Maller, wDevelopmmt of Sporangia and Lunar 
Per iodla i ty  on Brown Algae," Botanical Marina, IV (February, 
1962) , 140-162. 
4 Fo A. Brom, Jr. , aLiving Clocks, Scienoe, QMX 
(December 4, 19591, 1 5 3 5 1 9 4 .  
5 ~ .  Bunniw , a O p e n i ~  Address : Biologioal Clocks, 
Biolo l a d  C locks~  - ~ e o n o r a  Frisch, ed i to r  (symposia on - 
d v - o g y ,  Volume XXV. Long Island, New Yorlc: 
Long I s l m d  ~ i o l o ~ l c a l  Association, 1960), pp. 1-9. 
increas ingly  evident i n  recent  years t h a t  all organisms 
a r e  rhythmic systems. n1 
Concentric, a l t e r n a t e  sparse and dense growth bands 
occurred i n  Ceratocyst is  u l m i ,  when grown i n  a l t e r n a t e  l i gh t -  
-
dark cycles. This suggested the  p o s s i b i l i t y  t h a t  Ceratocyst is  
ulml could be s tudied f o r  a b io log ica l  clock because of i t s  
-
photoperiodici ty.  A study t o  determine whether a b io log ica l  
clock occurred i n  Ceratocystis - ulmi appeared appropriate and 
i n  add i t ion  would bring more l i g h t  concerning pe r iod ic i t y  
i n  one of the  l e s s  s tudied groups, t he  fungi.  
The purpose of t h i s  study w a s  t o  demonstrate t h e  
presence o r  absence of a b io log ica l  clock i n  Ceratocyst ls  
u l m i  by t e s t i n g  f o r  per iod ic  oxygen consumption a f t e r  being 
-
synchronized with a twelve hour l ight-dark sequence. 
IF. A. Brown, Jr., VJr t r ins ic  Bhythmica l l t~ :  A 
Reference Frame f o r  Biological  Rhythms Under So Called -- - 
Constant Conditions, Annals of the New Year Acadeq of 
Sciences, XCVIII ( 0 o t o m 9 6 Z ) ; - i 7 3 ; -  - -
CHAPTER I1 
REVIEPI OF THE LITE-MTURE 
Ceratocystis ulmi, the perfect stage of Graphiwn 
-
ulml (Buisman, 1922) ,l is a known cause of Dntch Elm Disease. 
-
2 
Thls organism's mycelium grows concentrically with dense and 
sparse rings when placed in a daily light-dark oycle. The 
phenomenon has been observed commonly in the laboratory. 
This diurnal pattern has been found in other fungi, 
Such as growth rate in ~ e u r o a ~ o r a ~  and sporulatlon of 
~llobolus. In Pilobolus, sporulation oocurred when placed 
In an alternating 12 hours of light and 12 hours of darlmess 
(~&12:12). Thls length of periodicity Is referred to as a 
circadian rhythm, a free running biological rhythm which is 
A John Hnnt, wTaxonomy of Genus Ceratocysti~,~ Lloydia, 
XIX (January, 1958 ) , 1- 58. 
'c. Moreau, .Ceratoc stis ulml, Barnade l¶ycalogie 
Supplementary ~olonl-5~22. 
3 ~ l l n  S. Plttendrigh, V. G. Bruce, N. S. Rosensrevy 
and M e  L. Rubin, "Growth Patterns In Neurospora, Nature, 
CLXXXIV (July 18, 1959), 169-171. 
4~. R. Uebelmesser, Veberden endonomer Tagasrwthas 
der Sporangientraegerbildung von Pilobol~s,~ Archiv - fur 
Mikrobiologle XX (February, 199), 1-33. 
4 
approximately the 24 hour period of the earth's rotation. 1 
Circadian rhythms can be shifted when the LD cycle is 
reversed from the normal, making it light when it is ordinar- 
ily dark and dark when ordinarily light. Uhder this reversal 
of conditions, it has been observed that some organisms will 
completely rephase to the new LD cYclem2 Normally organisms 
have only a circadian type of rhythm even if the light that 
is being used to set the rhythm occurs at a cycle other 
than a 24 hour cycle. Using LD periods of 6 :6 ;  7:7; 8:8; 
and 16~16 has been demonstrated to set 12, 14, 16, and 32 
hour periodicities respectively in the bioluminescence of a 
dlnoflagellate3 and LD 8:8 and 9:9 set 16 and 32 hour cycles 
of leaf movements in bean plants.4 As soon as constant 
l~ollln S. Pittendrigh, aCircadian Fhythms and the 
Circadian Organization of Living Sy~terns,~ Bio1op;ical Clocks, 
Leonora Frisch, editor (Symposia on Quantitative Biology, 
Volume XXV. Long Island, New York: Long Island BiologicaJ, 
Association, 1960), PD, 29-45. 
2~ictor G. Bruce, mEhvironmental mtrainmcnt of 
Circadian Rhythms," Biolo ical Clocks, Leonora Frisch, 
editor (Symposia on & uanti ative Siology, Volume XXV. Long 
Island, New York: Long Island Blologloal Association, 1960), 
PP. 29-45. 
3 ~ 0  W. Bastlngs and B. M. Sweeny, "A Persistent 
Diurnal Rhythm of Luminescence in Go aulax polyedra," 
Biological Bulletin, CXV (Deoember* 
%. Bunning, "Endoganoua Diurnal Cycles of Aetlvit~ 
in  plant^,^ Rh thmlc and synthetic Processes in Growth, 
Go Rudnlk, editor -S-T Princeton: Prinoeton ~ ' n l v e ~ i t ~  Press, 
1957), pp. 111-126, 
5 
condit ions a r e  resumed such a s  continuous darkness o r  
dim l i g h t ,  t he  organisms re tu rn  t o  t h e i r  nonnal 24 hour 
rhythm. There is  one exception according t o   ilki ins,' one 
species  of algae has been shown t o  have a p e r s i s t e n t  rhythm 
of 1 2  and 17.5 hours f o r  t h r ee  days i n  continuous darkness 
when s e t  with LD 6:6 and 10:5:7 respectively.  
The using of a stimulus such as l i g h t  t o  set a clock 
o r  b io log ica l  rhythm i n  an organism is  re fe r red  t o  as a 
synchronizing agent. The terms Zeltgeber,  time cue, and 
e n t r a i n e r  are a l so  used. To be a t r u e  b io log ica l  clock, 
possessing an endogenous rhythm, the  rhythm must be f r e e  
running without t h e  stimulus of t he  synchronizer o r  any 
o t h e r  ex te rna l  per iodic  stimulus. If an ex te rna l  stimulus 
18 required t o  keep the  clock going, it i s  r e f e r r ed  t o  as 
an exogenous rhythm. 4 
'~aloolm B. Wilhins , .The Ef f eo t  upon Plant  Rhythms, 
Biolo leal  Clocks, Leonora Frisch,  e d i t o r  (Symposia on 
&ve Biology, Volume XXV. Long Island,  New York: 
Long Is land Biological Association, 1960), pp. 115129,  
~ n r n s n  Aeohof f . mExo~enoas and Endonous Components 
i n  ~ i r c a d l &  Rhythms, Clocks, Leonora %isoh, 
e d i t o r  (Symposia on Biology, Volume mr. 
Long 1 a l i d ;  New York: Long Island ~ i o l o ~ i c a l  Association, 
1960),  pp. 11-26. 
The two most commonly used synchronizers are light 
and temperature, but others including chemicals have been 
used.' Light is a very strong synchronizer and oan be used 
to set a clock where other synchronizers can not. In fact, 
periodic flashes of light lasting 1/2000 seoond have been 
used to reset the time of periodicity In Euglena and 
c Drosophilia. Also it has been shown that continuous bright 
light will damp out a periodicity In such organisms as 
3 Pilobulus where as with many organisms periodicity persists 
only in darhess. The color of light may have an effect 
depending on the type of organism. Using red light the 
periods are about three to five hours longer than in constant 
darkness for green -plants,' but dim red light hae no effect 
Ic. L. Ralph, RModlf ications of Activity Flhythms of 
ameriaana (L) Induced by Carbon Dioxide and 
~hysiological Zoolo~y , XXXII (January, 1959 ) , 
57-62. 
*c. L. Pittendrlgh, V. G. Bruce, "Daily Rhythms as 
Coupled Osoillator Systems and their Relation to Thermo- 
periodism and ~hotot$o~ism, Photoperiodism - and Related 
Phenomena In Plants and Animals. C. Withrow. e d i ~ a s h i m t o n :  
--- ----- - -- - - - -  - -- - 
.rlmerican ~ ~ o ~ n f o r ~ & c e m e n t  of - Science, '1959 ) , 
%I. Bunning, "Opening Address: Biologiaal Cloeke, 
Biolo ioal Clocks, Lsonora Frisch, editor (symposia on 
d v - o g y ,  Volume XXV. Long Island, New Yorlc: 
Long Island Biologioal Assooiation, 1960), pp. 1-9. 
1 in setting or damping out a periodicity in Neurospora. 
The effect of temperature as a synchronizer has been 
shown to have various results depending on the type of 
organism being tested. * Generally circadian rhythms are 
synchronized by a 24 hour temperature cycle when the synchron- 
izing temperature has a range of at least 5 degrees centigrade, 3 
Also it has been found that the high temperature phase corres- 
ponds to the light phase of an  organism*^ periodicity where 
as the low temperature phase corresponds with the dark phase. 4 
Sporulation in Pilobolus was synchronized on a 12 hour 21°c, 
and 12 hour 15'~ while in continuons darhess. The alternating 
temperature set the clock. 5 
l~olin S. Pittendrigh, V. G. Bruce, N. S, Rosensrevg. 
and M e  L. Rubin, "Growth Patterns in Neurosp~ra,~ Nature, 
CLxxxIV  (July 18, 1959 ) , 169-171. 
%ictor C. Bruee, wEnvlronmental Entrainment of 
Clroadlan  rhythm^,^ Blolo~lcal Clocks, Leonora Frisch, edi- 
tor (Symposia on Quantitative Biology, Volume m, Long 
Island, New York: Long Island Biological Assoaiation, 1960), 
pp. 29-40. 
5 ~ .  Schmidle, aDla Ta~esperiodizitat der Asenellen 
- - 
~e~roduktlon von ~llobolus sphaerosporus , Archiv - fur Mi- 
blolo~ie, XVI (May, 1959), b0-100. 
temperature independent periodicity. 
Fa A. Brown, Jr. has demonstrated rhythms running 
with period lengths tha t  coincide w i t h  externally occurring 
events of the  same period length. He  has shown t h a t  potatoes I 
metabolize with a period length of 24.8 hours, a lunar  day, 2 
. - .  -
and mice have average peaks of a c t i v i t y  periods i n  addltlon 
t o  lunar days, with synodic monthly cycles (29.5 days). 3 
Also a t i d a l  rhythm of 12.4 hours has been found i n  the 
running of crabs i n  constant c o n d ~ t i o n s . ~  When these crabs 
were moved t o  a d i f fe rent  par t  of the country they adjusted 
t h e i r  rhythm t o  the  time when there should be high t i d e  In 
- 
t h a t  pa r t  of the country. Brown has demonstrated t h a t  the 
'~ rank  A, Brown, Jr., uAn Exogenous Reference Clock 
f o r  Pers i s ten t  Temperature-Independent, Liable Biological I 
Rhythms." ~ i o l o ~ i c & .  Bullet in,  cxv ( ~ G s t ,  19581, 81-100. 
3Frank A. Brown, Jr., J. Shriner and C. L. Ralph, 
Wolar and Lunar Rhythmocrity i n  the Rat in  Constant Condi- I 
t i ons  and the Mechanism of Physiological T h e  Measure- - a d f  x I 
merit," Amerioen Journal Physiology, CWCXXIV (March, ly3OJ, 
491-496. 
4 ~ r a n k l i n  H. Barnwell, wObservat ions and Daily 
Tidal  Rhythms i n  Some Fiddler Crabs from Equatorlal I Brazil ,  W -  Biological Bullet in,  OMV (Deoember, 1963), 
399-415. 
earth1 s magnet~sm,~ eletrostatlc f ields around the earth2 
and gravitational pull of the moon3 can be detected by certain 
organisms and so could be possible synchronizers. If 
Brownls proposals are correct for all organisms that have 
been used to show an endogenous biological clock, it may be 
possible that all these periodicities are exogenous since a 
true clock requires It persists without an external stlmnl~~. 
4 Investigators Bunning and pittendrigh5 dif f er with Brown1 s 
conclusions and believe that these are not synchronizers; 
that the clocks demonstrated are truly endonenous. Most 
., - 
present investigations continue to ignore other possible 
synchronizers suggested by Brown and refer to constant 
conditions as being light and temperature, and in some cases 
atmospheric presems. 
IF. A. Brown, Jr., wResponses of the Planarian, Dtlgesia 
and the Protozoan Paramecium. to Vers Weak Horizontal Mametic 
Fields, a Blolo~ioal ~ulletin; QO[III- (October, 1962), 264281 
'F. A. Brown, Jr., wResponse of the Planarian, Dngesia 
to Very Weak Horizontal Electrostatic F ~ e l d s , ~  Biolo~ical 
Bulletin, CXXIII (October, 1962), 282-294. 
3~rown, -*- loo cit. 
%. Bunning, wOpening Address: Biologioal Clocks, I 
Biolo ical Clooks, Leonora Frisch, editor (Symposia on 
&v-ogy, Volume XXV. Long -Island, New York: 
Long Island Biologiaal Association, 1960), pp, 1-9. 
5Colin 9. Plttendirgh, wCircadian Rhythms and Ciroadian 
Organization of Living Systems," Biolo ioal Clocks, Leonora 
~ 0 ~ V o l u m c  m. Frisoh, editor (Symposia on Quant 
Long Island, New York: Long Island Biological 9ssoaiation, 
1960), pp. 159-184. 
Many different indicators have been used to demonstrate 
the presence of a biological clock. A few other examples 
are: color changes in fiddler crabs;' and phototaxis of 
Euglena. All of the examples represent some ph ysiological 
activity but do not necessarily represent the clock itself. 
As is pointed out by various investigators, the hands of the 
clock should not be ooniused for the clock itself . 3 9  49 5 
One way of proving the presence of a biological clock 
requires that the organism in nconstant conditionsw has a 
persisting periodicity, wbut with a frequency deviating by 
a certain, more or less constant, amount from that of the 
l~ranklin Ha Barnwell. mObservations and Daily Tidal 
Rhythm8 Some Fiddler Crabs from Equatorial ~ r a z i l ; ~  
Biolo~iaal Bulletin, OMV (December, 1963), 399-415. 
2 ~ .  G. Bruce, C. S. Pittendrigh, wRcsettlng the Eoglena 
Clock with a Single Light Stimulu~,~ Amerioan Naturalist, 
XCII (September-October, 1958), 295306. 
4 
J. W. Hastings, wUnicellular Clocks, Annual Review 
of Microbiology, C. E. Clifton, editor XI11 (Palo Alto, 
-
California, Annual Reviews, Inc., 1959), 297-312. 
5 ~ .  A. Brown, Jr., wBesponse to Pervasive Geophysical 
Faatore and the Biological Clock Pr~blern,~ Biolo ical Clocks, T--- Leonora Frisoh, editor (Symposia on Quantita ive Biology, 
Volume XXV. La Island, New York: Long Island Biological T Aseociation, 19 O ) ,  pp. 57-71. 
earth-rotatlotlmnl Therefore in order to determine the 
presence or absence of a biolonical clock in Ceratoc~stis 
ulmi, it was grown In constant conditions except when the 
-
synchronizer was used at which time the organism was grown 
in a LD (12:12). The uclockn or the nhands.w used for 
determining periodicity was periodic metabolism as indicated 
by oxygen consumption. I 
l ~ u r ~ e n  As chof f , *Enogenous and Endogenous Components 1 
on Ciroadian Rhythms," Biological Clocks, Leo 
tor 
nora Frlsch, 
~ u a n t  itative Biology, Volme XXY. Long 
Island, New York: Long Island Biological Association, 1960), 
ppm 12. 
CHAPTER I11 
METHODS AND MATERIALS 
The oxygen consumption was measures w i t h  a continuous 
recording apparatus (Figure 1) modified a f t e r  the model 
designed by F. A. Brown, ~r . '  The respirometer is based 
upon measurement of decreasing buoyancy of a diver as  a 
function of oxygen u t i l iza t ion .  Aerobic respir ing took up 
oxygen and released carbon-dioxide. The diver 's  oxygen 
reservoi r  (see  Figure 2 )  supplied the oxygen and the carbon- 
dioxide w a s  absorbed by potassium-hydroxide. The recording 
apparatus recorded the gradual sinking of the  diver on a 
slow turning drum. 
Tfie diver  is composed of three basic par ts  (Fignre 2) ,  
the p e t r i  plate, the holder and t he  oxygen reservoir ,  The 
bottom h a l f  of a 100 mm p l a s t i c  petr i  p la te  wlth a 118 inch 
of potato dextrose agar ( ~ a c t o )  i n  the  bottom w a s  nsed, The 
agar was  au too l~ved  f o r  20 lalnutes a t  20 pounds pressare 
and poured into sterile p e t r i  p la tes  where It was stored 
I n  a re f r ige ra to r  u n t i l  used. The bottom half of the p e t r i  
p l a t e  was secured t o  the  holder with f l o r i s t  clay obtainable 
f w m  Beagle Manufacturing Company, Inc. Pasadena, California. 
IP, A. Brown, Jr., mA Simple Antomatis, Cuntinuons- 
Recording Rss iroms&r, * -  lieview - of Scientlf i c  Instnrments , 
XXV (1954b), 815-417, 
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Ffuure 2. X-Section of diver w i t h  marts u n ~ t t ~ e 9 e d .  
A. oxypen reservoir; 9. holder; C. ~ e t r l  ~ 1 s t ~ :  I?. s n r m  
~ R R ;  E. rubber stopper; F. hy~0deTTIic needle: G.  absorbent 
v e s s e l ;  H .  l ead  b n l l ~ s t ;  I .  clny: J .  R E R ~  
15 
For Purposes of making a secure s e a l  between the  p e t r i  p l a t e  
and holder,  the  c lay  w a s  heated on the  holder  t o  make it s o f t  
and m Y  j u s t  before the  p e t r i  p l a t e  w a s  attached. Brackets 
were made t o  hold the  p e t r i  p l a t e  t o  the  holder,  but  were 
l a t e r  discarded because it w a s  found the  c lay  held the  p l a t e  
securely.  
The holder (Figure 2 )  w a s  made out  of galvanized sheet  
metal  bent 1/8 Inch on each edge f o r  r i g i d i t y .  A one inch 
diameter copper tubing one and a half Inches long w a s  soldered 
t o  the  top of the  holder. This tubing acted as a holder f o r  
t h e  oxygen reservoir .  A 1/8 inch galvanized s t r i p  w a s  
soldered i n  a o i ro l e  t o  the  bottom of t he  holder  so t h a t  it 
w a s  1/8 Inch smaller  i n  diameter than the  p e t r i  p l a t e  t o  be 
used. This s t r i p  helps add surface a r ea  f o r  the  f l o r i s t  c lay  
t o  s t i c k  so t h a t  a t i g h t e r  s e a l  rill be made between p e t r i  
p l a t e  and holder. The e n t i r e  holder w a s  painted with black 
Rustolam paint .  
The oxygen rese rvo i r  (Figure 2 )  is composed of a 
rubber s topper and a saran bag. The #63 rubber s topper W a s  
d r i l l e d  ou t  1/3 of the  way a t  both ends i n  order  t o  recess  
t h e  #27 hypodermio needle, diminishing the  p o s s i b i l i t y  of 
punoturing the  oollapsing saran bag. The saran bag 1s made 
with a double l a y e r  of saran, Saran Wrap, manufactured by 
Dow Chemioal Company, Midland, Michigan, which 1s folded 
16 
over at  the  edges twice and sealed with t i l e  pas te ,  T i l e  
Pas te  manufactured by Schalk Chemical Company, Chicago, 
I l l i n o i s ,  and o lear  water r e s i s t a n t  scotch tape, Scotch 
Brand Tape manufactured by 3M Minnesota Mining and Manufac- 
t u r i n g  Company, St .  Paul, Minnesota. The t i l e  pas te  w a s  
used t o  secure a permanent a i r  t i g h t  s e a l  between the  saran 
bag and rubber stopper. Attached t o  the  bottom of the  rubber 
s topper  was a small p l a s t i c  v i a l  suspended with nichrome wire. 
This v i a l  w a s  used t o  hold two cc of sa tu ra ted  potassium 
hydroxide, a carbon-dioxide absorbent. There w a s  an adequate 
s e a l  between the  rubber s topper and holder when the  stopper 
w a s  placed i n  t i g h t l y  so no add i t iona l  s e a l e r  was used. F i f t y  
cubic oentimeters of commercially prepared pure oxygen w a s  
pu t  i n t o  t he  saran bag through the  needle with a hypodermio 
ayringe. A heavy cotton thread from the  recording am, 
suspended the  d iver  i n  the  water by a t t ach ing  t o  t h e  holder. 
The d ive r s  were too l i g h t  t o  sink. Lead ballasts were added 
t o  t he  d ivers  u n t i l  they weighed two grams. This gave each 
d i v e r  the  same zero point  at  the beginning of the  experiment. 
The recording apparatus (Figures 1 and 3) is adopted 
1 from Brown. A shor t  deecr ip t ion is  given t o  note t h e  
d i f fe rences  from Brown's apparatus and t o  give an understand* 
pen; D. recordin8 m m ;  E. tension ~djustment screw; 
F. stninless steel sprins; G ,  b e ~ r l n s ;  H. beminu s u m o r t :  
I. co~~nterwei~ht 
18 
as t o  how the machine works. The recording w a s  composed of 
two basic  par t s ,  one pa r t  being the drum and motor and the 
o ther  pa r t  being the recording arm device, 
The drum was made from an 18 inch long, 3 inch 
diameter 2 inch thick p l a s t i c  tube available from Van Horn 
P las t i c s ,  Inc., Des Moines, Iowa. For purposes of holding 
the  d m ,  two 3 Inch pulleys were machined down on a $ inch 
s t e e l  axle  so t h a t  they t igh t ly  f i t  inside the p l a s t i c  tube. 
T h i s  w a s  done accurately enough tha t  the drum turned within 
a tolerance of 1/1000 inch. A 24 hour clock, Poultry House 
Time Switch, #462O Sears, Roebuck and Company, with a 
modification f o r  attachment to  the axle was used as the  
motor. Millimeter graph paper was used by securing it t o  
the  drum with double sided scotch tape. 
The recording arms were made of aluminum sheeting 
bent a t  r i g h t  angles t o  obtain r ig id i ty .  Each recording 
arm was counterbalanced so tha t  it pulled the same regard- 
lees of position. The a m  turned on bearings made from 
1 inoh long, 3/32 machine bol ts  tha t  were ground t o  a 
point  on each end. Tha baarings were held in place with 
each end in a conioal depression In the bearing supports 
(Figure 3).  Tha a r m  w a s  24.5 m long from the bearlng t o  
the  and with the extension f o r  the  pen. The r i g h t  angle of 
tha  ann was 1 0  cm long, but the exact locat ion of the spring 
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and d iver  attachment var ied depending on the  leverage desired. 
The pen w a s  f i xed  t o  a 7.5 cm extension from the  recording 
arm, made movable by the  use of a bearing (Figure 3). The 
wr i t ing  pens were homemade but s ty l ed  after the  type 
t y p i c a l l y  used on barographs. Weak s t a i n l e s s  s t e e l  springs 
were arranged as i n  Figure 1 and 3 t o  be adjus table  f o r  
purposes of put t ing tension on the  recording arm. 
Tsoo 20-watt, cool-white f luorescent  lamps were used 
f o r  l igh t ing .  Approximately f o r t y  foo t  candles were measured 
a t  t h e  divers.  The turning on and off of the  l i g h t s  w a s  
done w i t h  a clock switch. 
The temperature w a s  kept at 2 3 ' ~  ('3') - with the  use 
of 100 w a t t  aquarium heaters. 
Barometrio pressure correct ions were made on the  da t a  
based on recordings of a barograph. 
The organism used i n  t h i s  invest igat ion,  Ceratocystis 
ulmi, was obtained from Boy H. MoFall who i n  tu rn  received 
-
it from t h e  Dutch Elm Diagnostic Laboratory a t  Des Moines, 
Iowa where I t  was i so l a t ed  and Iden t i f ied  f r o m  a sample of 
diseased elm wood. Inooulations were always taken from 
t h e  ou te r  dark r ing  of four  day old  stook cul tures  and were 
always made i n  a t r ans fe r  ahamber which was wiped with 
aonoentrated Lysol before using. The stock cu l tu re  was 
+ 0 kept  a t  2 2 ' ~  (-1 ) with LD (12:12). 
20 
LD (12:12) was used daring the first  3 days a f t e r  
the  divers were imoculated and placed i n  the water. The 
l i g h t  Cycle began at  8:35 pm and ended at 8:jO am f o r  three 
s e r i e s  of experiments. The l i g h t  cycle was reversed f o r  
the fourth experimental se r i e s  which began at 8:45 am and 
ended a t  8:55 pm. a l l  experimental se r i e s ,  the last 
f i v e  days were run i n  oomplete darkness (DD). The 
experiment was run i n  a basement room t h a t  had no windows 
and only one door which w a s  kept closed except when entering 
o r  leaving. The experiment was checked at  every l i g h t  
period between 9 and 10 pm and once at the  end of 72 hours 
of DD f o r  the purpose of f i l l i n g  pens and rese t t ing  the 
recording arms i f  necessary. When entering the room during 
DD, a f l a sh l igh t  wi th  two sheets of white paper covering 
the lens  was used f o r  l ight .  Great cam was taken not t o  
shine the l i g h t  on the divers with the f lash l ight  o r  t o  
l e t  l i g h t  in to  the room when entering o r  leaving. 
Reaords made by the recordlng apparatus were transposed 
t o  nmabars and graphs fo r  purposes of comparing LD and DD 
periodic orygen consumption. 
CHAPTER IV 
RESULTS AND INTERPRETATION OF DATA 
A preliminar~ investigation of the growth of 
Ceratocystis ulmi revealed that the colonies were typically 
-
circular when grown on potato dextrose medim in conditions 
associated with the diver. Bnt the typical concentric ring 
pattern which was common when grown on petri plates in a LD 
12:12 was not apparent or only one ring could be detected, 
when grown in the diver for three days in a LD 12:12 and 
five days DD. This pattern of growth was typically what 
happened when Ceratocystis ulmi -was started on petri plates 
by the stab technique, the procedure used in this experiment. 
Nomally no rings were seen until the end of the third day. 
After the third day the pattern became sequentially more 
pronounced. The growth appeared to be bunched rather than 
ringed the first few days. FKrm this observation, it 
appeared that the continuence of the concentric rings in 
constant conditions did not exist. Under these experimental 
oonditlons, the concentric ring growth was not controlled by 
a biological clock. More investigation would be necessary 
before any definite conclusions covering this aspeot of study 
oould be dram. 
To test the apparatus, one group of divers was plaoed 
in the maohine without inooulating the agar. After three 
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days, a minute amount of sinking by the divers was detected 
but with a constant rate.  
Barometric changes during the three days had no 
apparent e f f e c t  on the diver position. With fu r the r  calcu- 
l a t i o n s  using the la rges t  barometric pressure changes recorded 
during the e n t i r e  experimentation, the l a rges t  one hour 
ohange of barometric pressure changed the diver weight i n  
water 0.003 grams and the la rges t  t o t a l  24 hour change 
changed the diver  weight 0.014 grams. This amount of change, 
when considered per how,  is not enough t o  cause a change 
i n  recording because of the  spring tension used. No 
corrections f o r  barometric pressure were necessary. 
Four w r u n s w  or  experimental se r i e s  of eight days each 
were made using four divers the f i rs t  run and s i x  divers  the  
remaining three rune. Due to  mechaniaal fa i lure8  of the 
apparatus o r  contamination of the agar medium, not a l l  the 
culture6 i n  d i f fe rent  divers could be used f o r  data. Three 
s e t s  of da ta  were used from run one, f i v e  from run two, 
four  from run three and four f r o m  run four. 
The f irst  three runs ware In LD 12:12 with the 
I l lmuinstion beginning a t  8r35 pml and extinguished a t  8:40 am. 
The illumination was reversed on the fourth  run. Illumination 
was s t a r t e d  at  8:45 am and e x t i ~ u i s h e d  at 8:55 pm. 
l ~ l l  time 18 given In DST. 
Readings Were made from the recording paper by 
measuring from a base l ine.  
 he r e l a t ive  amount of oxygen 
f o r  each hour was determined. NO attempt was made t o  
convert the readings made from pen movements in to  actual  
amOunts of oxygen consumed, but the readings were used as 
a re la t ive  indicator of oxygen consumption. As an aid In 
making the readings, a three inch c i rcular  hand lens  on a 
base was used. The large end of a paper cone was attached 
t o  the rim of the lens. The s m a l l  end of the cone had an 
opening through which the records were viewed. The cone 
reduced parallax when making a reading. Using the hand lens 
and a br ight  l i gh t ,  readings were poesible w i t h  an accuracy 
of plus or  minus O. lmm.  
A l l  data  w a s  recorded a8 re la t ive  amounts of oxygen 
conerumed durLng a given hour. An ari thmetric mean f o r  each 
hour of the eight day run was obtained f o r  a l l  n 
of each run. The runs were computed separately t o  show any 
s imi l a r i t i e s  o r  differenaee that  might be enoountered by 
running the experiment at different  times of the month. 
Tables I, 11, 111, and N give these average differences 
of oxygen oonaumption f o r  each hour of the day. In Tables 
I-N, eaah day of the run is  reaorded horizontally and the 
amount of pen movement f o r  each hour of the day is  recorded 
ver t ioa l ly .  For example, Run I (Table I) a t  9:00 am on day 
TABLE I 
AN ARITHMETIC MEAN OF DATA FROM TRBEE DIVERS OF 
RUN I. EACH NUMBER INDICATES RELATITTE OXYGEN 
CONSUMPTION FOR EACH HOUR 
OF TFE EIGHT DAY RUN 
Time Day Day Day Day Day 
1 2 4 
Day Day Day 
3 5 6 7 8 
Mdnt. 
1:oo 
2: 00 
2% 
5:OO 
6:OO 
7:OO 
8:00 
9:OO 
10:oo 
11:oo 
Noon 
1:oo 
2:oo 
3:OO 
4:00 
5:OO 
6:OO 
7:OO 
8:OO 
9:OO 
10:oo 
11:oo 
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TABLE 11 
AN ARITRMETIc MEAN OF DATA PROM FIVE D I ~ R s  OF 
RlJ" 2. EACH NUMBER INDICATES RELATIVE OXYGEN 
C O N S ~ P T I O N  FOR EACH HOUR 
OF THE EIGHT DAY RUN 
Time D a y  Day D a y  
1 D a y  2 D a y  Day 4 D a y  3 D a y  5 6 7 8 
Mdnt . 0022 .045 -060 .I70 .170 .215 -180 
1:oo a040 a030 .055 .160 1 -200 .235 *215 
2800 *025 -025 .020 .050 .080 .090 -190 .19fj 
050 .030 -060 . l o o  .125 230 -135 195 
~~~~ 1 .060 .085 .l95 .130 .165 .225 .185 
5:oo 045 .065 . O 3 O  .ogS .160 .165 225 270 
6:oo 055 -105 .I10 6 6 255 280 210 
7 :oo .055 .235 .240 .190 .190 210 255 . 225 
8:oo 0075 .290 .325 .235 205 .285 235 
9 : O O  .095 .160 .225 -205 .240 .255 290 .190 
1 o : O O  .070 .O25 . l o o  .150 220 210 230 ~ 7 0  
11:oo .035 .080 -125 -145 .175 -170 -190 -195 
Noon a075 -100 -110 -195 -150 
1 :oo . 070 .225 .155 .I40 .155 .220 170 
2:oo .050 .I60 .I20 .110 .123 215 . 215 .110 
0070 * I40  -125 0170 .125 .I40 .2OO -080 
.065 . lo0 . loo  -190 -1 0 -175 .205 -140 
5: 00 . lo0 -140 .I25 .I80 . 220 . 240 -110 
6:oo .085 .280 . I25 .I15 .I40 .235 -200 .I20 
7:oO .070 .110 -135 .180 .145 ,160 .180 -140 
8 : 00 .050 -080 1 2  .I80 .205 .285 -220 -130 
9:OO .060 .060 .170 1 .175 -225 .225 -080 
10:OO .060 .065 .I60 .180 .135 -195 . 245 
1 1 : O O  
-060 -075 -145 .pjS . 230 -285 -220 
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TABLE 111 
AN ABITmETIC OF DATA FROM FOUR DIVERS OF 
RUN 3. EACH NUMBER INDICATES RELATm OXYGEN 
CONSUT~PTION FOR EACH HOUR 
OF THE E I G H T  DAY RUN 
Time Day NY D a y  
1 2 Day 4 
D a y  D a y  D a y  D a y  
3 5 6 7 8 
Mdnt. *Olo *Ole a083 .I38 
-250 .363 ,400 ,530 
oo10 a013 a025 .I58 .220 -335 .403 .533 2:00 - 5  0007 ,023 ,070 .220 .375 -427 -440 0°13 ,015 ,045 a075 .I40 ,373 .375 .443 
,018 ,013 ,018 ,063 .220 ,343 .jgg .500 5:0° mo18 a015 a025 ,130 ,225 -288 .373 ,517 6:00 ,028 *045 a053 ,105 .313 .385 .388 .503 
7:oo *043 a033 a075 ,145 ,285 -353 .365 ,503 
'too a053 *030 ,078 .133 ,285 .423 .413 .440 9:0° a038 ,048 ,078 1 ,255 .383 .473 ,517 
mO45 *063 a043 .I28 .250 .348 .403 -407 
11:QO a025 ,043 eO15 1 0  ,270 ,318 ,380 ,437 
Noon a038 ,035 ,045 ,120 ,263 .345 ,390 ,383 1:OO a010 -013 ,018 ,108 ,263 ,355 ,370 .383 2:OO .OOO -020 .018 .073 0200 1 m443 .347 3:OO moo0 moo7 m O 1 8  ,113 .2O3 .360 ,483 .373 4:00 moo7 *OlO eO10 ,135 ,283 .350 .283 ,433 5:oo .013 .Ol8 ,055 ,170 ,293 .355 .380 .377 6:oo .010 .010 ,030 ,138 .243 .413 ,433 ,377 
7:OO ,007 .023 ,065 ,123 ,288 .368 .347 .527 
8:00 .007 .023 .048 ,148 .265 ,423 .540 .480 
9:OO ,000 .028 .088 .160 .303 ,442 - 3 7 3  ,390 
1O:OO .015 .025 ,068 .195 ,328 ,418 .527 .300 
11:OO .023 ,058 .093 ,220 .338 .395 .620 -450 
TABLE IV 
AN ARITHMETIC MEAN O F  DATA FROM FOUR DIVERS OF 
RUN 4. EACH NUMBER INDICATES RELATIVE OXYGEN 
CONSUMPTION FOR EACH HOUR 
OF THE EIGHT DAY RUN 
Time D a y  D a y  Day D a y  D a y  D a y  D a y  D a y  
1 2 3 4 5 6 7 8 
Mdnt. 
1:oo 
2:oo 
2: 
5:OO 
6:OO 
7:OO 
8:OO 
.9:00 
10:oo 
11:oo 
Noon 
1:oo 
2:oo 
8::: 
5t00 
6:OO 
7:OO 
8:OO 
9:00 
10:oo 
11:oo 
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f i v e  has a re l a t ive  movement of .053 f o r  tha t  hour. This is 
a l a rge  movement when compared t o  8:00 am end 1 0 : O O  am of 
the  same day. 
Since C e r a t o c ~ s t i s  ulmi grew during the eight days 
-
of experimentation, more oxygen w a s  consumed on the l a s t  
day than on the first. Correlation of data  f o r  each day 
w a s  accomplished by adjusting the growth factor.  Computation 
w a s  done by making a running average from t h i s  data  i n  
Tables I, 11, I11 and IV. The percent of oxygen consumed 
per  hour above o r  below the running average w a s  computed by 
dividing the running average in to  the hourly oxygen con- 
sumpt ion. 
If an oxygen consumption f o r  one hour w a s  computed 
t o  be 1005, t h i s  would indicate tha t  t h i s  hour w a s  the same 
as the  average f o r  the 24 hour period around it. A higher 
percent than 100 indicated more oxygen w a s  consumed than 
t h e  average f o r  24 hours. If t h i s  percent w a s  l e s s  the 
reverse would be true. An examination of Table V shows 
t h a t  a t  1:00 am of day 6, the oxygen consumption Was 101%, 
near ly  average f o r  the 24 hour period of time. But a t  1 1 : O O  
on the same day, the percent of owsen consumption was 
251% o r  2* times average. 
TABLE v 
AN HOURLY % OF OXYGEN COMPUTED FROM RUM I* 
Time Day D a y  
1 
Day 
4 
Day  D a y  D a y  
4 6 7 8 % % k $ % 
Mdnt . 
1:oo 
2:oo 
3:OO 
4:00 
5:OO 
6:00 
7:OO 
8:00 
9:OO 
10:oo 
11:oo 
Noon 
1:oo 
2:oo 
2% 
5:OO 
6:00 
7:OO 
8:OO 
9:OO 
10:oo 
11:oo 
+The hourly peroent  of owgen was computed by 
dividing the  running average f o r  each hour i n to  the  average 
hour ly  oxygen consumption. 
TABm VI 
AN HOURLY % OF OXYGEM COMPUTED FROM RUN 2* 
Time Day BY Day Day 
1 4 Day Day Day Day 6 % 5 7 8 % P $ k k 
Mdnt. 
1:oo 
2:oo 
3:OO 
4:00 
5:OO 
6:OO 
7:OO 
8:00 
9:OO 
10 roo 
11:oo 
Noon 
1:oo 
2:oo 
2;:: 
5:OO 
6:OO 
7:OO 
8:OO 
9:OO 
10:oo 
11:oo 
*The hourly percent of oxygen was oomputed by 
dividing the running average for each hour into the average 
hourly orggen consumption. 
TABU V I I  
AN HOURLY % OF OXYGEN COMPUTED FROM RUN 3. 
Time Day Day Day 
1 2 Das 4 
Day Day Day Day 
6 2 5 t 8 % P f& ,% ;% k 
Mdnt. 
1 : O O  
2:oo 
3 : O O  
4 :OO 
5:OO 
6:OO 
7 : O O  
8:OO 
9:OO 
10  too 
11:oo 
Noon 
1:oo 
2 :oo 
2::: 
5:OO 
6:00 
7 :oo 
8:00 
9:OO 
10:oo 
11:oo 
*The hourly percent of oxygen was oomputed by 
d iv id ing  t he  running average f o r  each hour in to  the average 
hour ly  orygen consumption. 
TABLE V I I I  
AN HOURLY % OF OXYGEN COMPUTED FROM RUN 4* 
Time Day Day Day 
1 Day Day 4 Day Day Day 
P ; P 5 6 7 8 ;% k k % k 
Mdnt. 140 116 101 149 115 102 
1:oo 
92 
115 108 113 
2:OO 106 
78 93 72 
124 119 
95 
3:OO 
107 109 97 97 
83 123 101 92 97 104 108 
kr00 100 111 114 89 95 109 112 
5:00 106 105 95 95 87 95 84 
6:OO 125 115 113 121 103 130 121 
7:OO 98 119 114 123 113 104 124 
8:OO 133 116 120 113 126 112 
9:OO 146 116 113 111 161 126 
1O:OO 126 122 95 108 107 114 
11:OO 86 106 109 88 98 101 
Noon 100 97 103 103 119 130 
81 82 1:oo 78 78 93 95 95 
66 75 79 2:oo 90 3 10 2 115 93 
107 80 78 90 90 98 92 2% 88 56 73 97 77 98 92 
5:OO 71 63 88 79 81 90 72 
6:OO 66 77 95 72 67 76 102 
7:OO 59 73 75 93 91 87 67 
8:00 68 86 99 95 124 130 96 
9:OO 57 80 69 87 63 
75 115 
92 
10:OO 125 126 113 113 113 51 
11:OO 125 137 121 117 122 123 82 
*The hourly peroent of oxygen was oompnted by 
dividing the running average for each hour into the average 
hourly oxygen conaumptlon. 
The formulas given above are  the ones used t o  com- 
pute t h e  running averages (An) and hourly percents (Hn). 
X, stands f o r  the  hourly differences of oxygen consumption 
as given i n  Tables I, 11, 111, and N. The hourly d i f fe r -  
ences of oxygen consumption ( X )  are  averaged f o r  a 24 hour 
period giving one running average (A).  This average is 
divided in to  the middle number of the 24 numbers used t o  
obtain the  average i n  order t o  get  the r e l a t ive  percent of I 
oxygen consumption above o r  below the average consumption 
for t h a t  24 hour period. Since the number 24 has no middle 
number, it was necessary t o  average one 24 honr period and 
then average a seoond 24 hour period by beginning an hanr 
l a t e r  than the  beginning of the f i r s t  24 honr average. By 
oombining these two 24 hour averages and dividing by 2, an 
average of the two may ?m obtained. The th i r teenth  hour of 
t h e  f i r s t  24 hour average o r  the twelfth hour of the second 
24 hour average (they are the same nmber)  is the middle 
nmbbr. BJT sh i f t ing  one hour and making new 24 hour averwes 
s o  t h a t  the middle number Is one hour l a t e r  than the  pravious 
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middle number, t he  percent of oxygen consumption above O r  
below the  average may be obtained f o r  t h a t  hour. This 
procedure w a s  repeated f o r  all the  hours of data  and i s  
given i n  Tables V, V I ,  VII and V I I I .  These r e l a t i v e  percents 
of oxygen consumption make up the  data  t h a t  i s  used t o  com- 
pare  and make a l l  corre la t ions  i n  t h i s  paper. Because of 
t h e  mechanics of the  mathematics, no percents f o r  the  first 
1 2  hours o r  the  last 1 2  hours of the  e igh t  day run were 
determined. 
A review of what was sa id  previously would c l a r i f y  
t h e  analys is .  A b iological  clook should p e r s i s t  i n  constant 
condi t ions  a t  a period of' approximately 24 hours but not  1 I 
neces sa r i l y  an exact 24 hours. In f a c t  an exact 24 hour 
cyc le  may ind ica te  t h a t  there  w a s  s t i l l  some synchronizer 
i n  e f f e c t ,  and the  p a r t i c u l a r  per iod ic i ty  observed w a s  
s t i l l  being regulated by t h i s  external  synchronizer, 
theref  ore ,  no biological  clock. 
The method used t o  determine i f  there  w a s  a 
p e r i o d i c i t y  present  o r  not ,  w a s  t o  examine the  f i r s t  th ree  
days of eaoh run f o r  s i m i l a r i t i e s  when the  LD 12:12 w a s  i n  
e f feo t .  The following f i v e  days of DD were examined t o  
determine if the  similarities were pers i s ten t .  A pe r s i s t en t  
high o r  l o r  oxygen oonsumptlon f o r  a p a r t i c e l m  hour of the  
day was one similarity t h a t  ocoured. No s a t i s f a c t o r y  method 
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could be found t o  statistically analyze the  data  f o r  persls- 
t e n t  peaks o r  dips a t  cer ta in  hours of the  day. Correlation 
of t he  da i ly  polymodal graphs had t o  be by inspection of 
graphs. One typ ica l  8 day run i s  shown i n  Figures 4 and 5. 
These graphs were made from Run 2 (Table V ) .  Figure 4 
has the  th ree  days of LD and Figure 5 has the  f i v e  days of 
DD. Each of the  days were given a d i f fe ren t  symbol so t h a t  
they could be distinguished. Graphs of t h i s  nature were made 
f o r  all the  runs and analysis  of data  w a s  made from them. 
The three  runs w i t h  the  l i g h t  cycle b e g w i n g  at  8:35 
pm and ending a t  8:50 am showed a large increase i n  oxygen 
consumption from 6:OO am t o  ~ O : O O  am.  his la rge  increase 
i n  oxygen consumption w a s  evident f o r  the th ree  days of LD 
and In the  succeeding f i v e  days of DD. There w a s  a l e s s e r  
amount of increase i n  oxygen consumption during the  DD 
period. 
This was the  major o r  most overt  per iodic i ty  i n  all 
of the  e igh t  day runs. Why t h i s  high increase came near the  
end of the  l i g h t  period was not clear .  An observation of 
t he  dense mycelia r ings appeared a t  the  end of the  l i g h t  
cycle,  but the  formation of these dense r ings w a s  so gradual 
t h a t  no s t r i o t  conclusions could be drawn as t o  exactly when 
they were formed. It cannot be conoluded t h a t  the  formation 
of these mycelia r ings  were the oause of the  extremely l a rge  
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increase in oxygen consumption as occurred between 6:OO am 
and 10:00 am. More research is needed to bring about a 
correlation of the high oxygen consumption and some metabolic 
process that was responsible for the consumption of oxygen. 
An explanation of why there was a reduction in peak 
size for the five days of DD suggests two hypotheses. The 
first might be that only the mycelia that was present when 
the light was on has its biological clock set. Any new 
growth of mycelia was not affected by the presence of the 
old mycelia in setting its clock. In this way the amount of 
mycelia that has its clock set to the light gets proportion- 
ately smaller as the new mycelia Increases, causing a gradual 
cover-up of the cyclic oxygen consumption. This suggests that 
no genetic or cytoplasmic transfer of temporary clocks was 
in effect. Another evidence for the lack of genetic or 
cytoplasmic transfer of a temporary clock was the lack of 
persistent growth rlngs in constant conditions followi& a 
LD cycle. Further research would be needed to bear out this 
hypothesis, 
The second explanation for a diminishing peak size was 
the organism immediately began to lose its clock when the 
synchronizer was no longer available. This is true of 
biologioal clocks in many organisms. 
Other cyolss seem to ocour with some regularity but 
not as as the  major peak mentioned before. One 
was a vem d ip  i n  O-en consumption a t  7:00 am o r  
* :00 am and more r a r e ly  at 9 :00 am. This d ip  could be found 
only during the  5 days of DD and the  2nd day of LD but never 
on t h e  t h i r d  day of LD. The f i r s t  day could not  be determined 
because t h e  mechanics i n  computing the running average caused 
a l o s s  of t he  f i r s t  twelve hours of day one. 
Another observation w a s  made concerning the  In te rva l  
of peaks of oxygen con8umption. The number of hours between 
each peak w a s  recorded and an ari thmetic mean w a s  obtained 
f o r  t h e  f irst  th ree  runs. There w a s  an average of 3.2 hours 
between peaks. Prom the  149 in te rva l s  between peaks, the re  
were 49 two hour in te rva l s ,  47 three  hour intervals, 32 four  
hour i n t e r v a l s ,  14  f i v e  hour in te rva l s  and only 6 In te rva l s  
of six o r  more houra. This c lea r ly  indicated a predominance 
of two, t h r ee ,  and four  hour in tervals .  
Beoause the  peaks recurred a t  an average of th ree  
houra, it w a s  na tu ra l  t ha t  there  should be m- minor c r e s t s  
t h a t  were In close oorre la t ion from day t o  day, therefore ,  
per iodic .  These minor recurring peaks, as the  l m g e  c r e s t s  
had a tendenoy t o  do, sh i f t ed  One h o w  one w 8 y  o r  t he  other  
f ram one day t o  the  next. It W a s  di f f  i b u l t  t o  say when a 
peak should occur. Speaking generally,  the  peaks occurred 
every two, three ,  o r  f OUF hours of t h e  dW and could be 
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found a t  t he  eame hour as the  day before o r  with no more 
than a one hour s h i f t .  
A l a rge  c r e s t  occurred a t  1 1 : O O  pm o r  12:OO pm during 
t h e  l i g h t  cycle. Because two la rge  c r e s t s ,  11:00 pm t o  1 2 : O O  
pm and 6:00 am t o  10:00 an occurred during the  l i g h t  cycle,  
t h e  average oxygen consumption w a s  l a rger  during the  l i g h t  
phase than the  dark phase. Calculations were made by taking 
t h e  a r i t hme t i c  mean of percents of oxygen consumption durLng 
t h e  l i g h t  hours and then the  dark hours f o r  a l l  days of all 
runs. During the  l i g h t  hours average consumption per  hour 
w a s  113% and during the  dark hours the  average consumption 
w a s  86%. 
Analysis of the  data  from run 4 using l i g h t  cycles 
reversed from runs 1, 2, and 3 indicated t h a t  l i g h t  w a s  not  
t h e  primary synohronizer. It was assumed t h a t  i f  l i g h t  w a s  
t h e  primary synchronizer, the  data  of run 4 should have 
s h i f t e d  180% t o  cor re la te  wlth the  sh i f t ed  l i gh t .  Essent ia l ly  
no s h i f t  ocourred. The maJor c r e s t  occurring between 6:OO am 
and 10:OO am continued t o  occur during the  same t i m e  i n  run 4. 
The only evidenoe of a s h i f t  w a s  a la rge  c r e s t  a t  8:00 p m  
and at  1 1 : O O  pm o r  12:00 pm. Both of these a r e s t s  are present  
i n  t he  first th ree  runs, but oomparatively not  as l a rge  as 
run 4. 
The average oxygen consumption f o r  the  l i g h t  and 
aark  periods were computed from the  peroents of oxygen 
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consumed as they Were f o r  the f i r s t  three  runs. From 9:OO 
am t o  8:00 Pm the  average oxygen consumption w a s  92.5% and 
from 9:00 pm t o  8:00 am it w a s  106.O$. The high end l o r  
oxygen consumption f o r  t he  same 12 hour periods of t he  f i r s t  
t h r e e  runs were r e l a t i v e l y  the same, 
The average in t e rva l  of time between peaks w a s  3.4 
hours as compared t o  3.2 hours i n  the  first three  runs. 
The oocurences of 2-3-4 honr in te rva l s  were e s sen t i a l l y  the  
same wlth 1 4  two hour in te rva l s ,  13 three hour i n t e rva l s ,  
1 0  fou r  honr i n t e rva l s  and 11 in te rva l s  of f i v e  o r  more 
hours. 
The d a t a  from the  four th  run indicated t h a t  l i g h t  
was not  t he  primary synchronizer, It had a small influence 
on the  rhythmic pat tern  by increasing the  oxygen consumption 
a t  9:00 pm and a t  1 1 : O O  pm t o  12:OO pm. The f a c t  t h a t  l i g h t  
ha8 an e f f e o t  on oxygen consumption was noticed i n  a l l  runs. 
Very l a r g e  inoreases i n  oxygen consumption were found in 
t h e  f irst  th ree  days of LD. The last f i v e  days of DD always 
had r e l a t i v e l y  smaller increases i n  oxygen consumption. But 
t h e  major pa t te rn  of oxygen consumption i n  run 4 remained 
unchanged from the  first three  runs, This w a s  indicated 
by t h e  major peak of oxygen oonsumption i n  run 4 occurring 
from 6t00 am t o  10:OO am as it did i n  the  first th ree  runs, 
Another indioat ion t h a t  run 4 remained e s sen t i a l l y  
unohmged uaa the  high average of oxygen consumption t h a t  
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occurred from 9:OO pm t o  9200 am as opposed t o  the  low 
average t h a t  OCCurred from 9:00 am t o  9 : O O  pm. This indicated 
t h a t  another sgnchronizer o r  possible several  synchronizers 
may have been more d i r ec t ly  responsible f o r  the  primary 
oxygen ~ o n s ~ p t i o n .  The other  synchronizer o r  synchronizers 
may be any of the  geophysical phenomena as suggested by 
F. A. Brown, Jr. Because the  other synchronizer o r  synchron- 
i z e r s  a r e  unk~~own, it 1s impossible t o  determine If  the 
"constantw conditions i n  which the experiment was run f o r  
t h e  Five days DD eliminated the synchronizer. Thls makes in- 
poss ib le  the  determination whether Ceratocystis ulml had an 
-
i n t e r n a l  b io log ica l  clock o r  an external ,  con t inuous l~  
synchronized, periodici ty.  I 
1 
In conolaslon, Ceratocystis u l m l  was grown I n  constant I 
-
temperatures f o r  e ight  days, the f i r s t  th ree  days In a LD 
12:12 and then a oontinaous darkness f o r  f 1ve days. A n  
analysie of all the  da ta  showed a de f in i t e  per iodic i ty  
i n  t he  organism. This per iodic i ty  was p a r t i a l l y  synchronized 
by l i g h t .  This w a s  determined when the  l i g h t  pa t te rn  w a s  
reverse8. The primary periodic oxygen oonsumption f o r  the 
normal l i g h t  pattern and the reversed l i g h t  pat tern  remained 
the sama with two small exoeptlons. For example; the  oxygen 
oonsumption inoreased a t  9800 pm and 1 1 : O O  pm t o  1 2 ~ 0 0  pm 
and I t  w a s  lndioated the l i g h t  played a minor ro l e  i n  
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synchronizing the organism. Since the main synchronizer was 
unknown, it could not be determined if the main periodicity 
was internal, a biological clock, or external, a continuously 
synchronized periodicity. More research is required to 
determine the main synchronizer. 
CHAPTER V 
SUMMARY 
A search Of the  l i t e r a t u r e  indicated a grea t  va r i e ty  
Of organisms used i n  research of biological  clocks. L i t t l e  
has been done with fungi and no study had been done using 
Ceratocyst is  - ulmi. 
Measurements were made by growing Ceratocystis - ulmi 
i n  a d ive r  similar t o  a Cartesian diver. The diver  was 
placed i n  water and gradually sunk as oxygen w a s  consumed 
by t h e  organism. The sinking w a s  recorded by a s e r i e s  of 
l e v e r s  a t tached a t  one end t o  the  diver. The other  end of 
t h e  l e v e r s  scr ibed a l i n e  on a drum t h a t  revolved once every 
24 hours. The pen movements were considered a record of 
oxygen oonsumption. Reasurements were made t o  determine 
t h e  hourly movements of the  pens. The organism wae grown 
f o r  e i g h t  days i n  the  diver.  For the f i r s t  three  days 
an a l t e r n a t i n g  1 2  hour l i g h t ,  1 2  hour dark cycle was used. 
For t h e  last f i v e  days, the  organism w a s  grown i n  complete 
darkness. Mathematiaal computations were made t o  ad jus t  
t h e  d a t a  f o r  t he  growth f ac to r  of the organism. 
Per iod ic i ty  of oxygen consumption evident- A 
high oxygen oonsumption occurred eve- 24 hours between 
6 am and 10 am. Another evidence f o r  per iod ic i ty  in 
t h e  organism w a s  high oxygen Oonsm~t ion  0oourring 
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appro xi mat el^ every three ~ O W S .  More oxygen was consumed 
during the hours of 9 : 0 0  pm to 9 ~ 0 0  am than at 9:00 to 
9:00 Pm. A periodic oxygen consumption was partially syn- 
chronized by light in each experiment. This was evidenced 
by high increases in oxygen consumption during the first 
three days of LD and low increases in oxygen consumption 
during the last f ive days of DD. A one hundred and eighty 
degree shift in the normal light pattern brought about a 
small shift In the oxygen consumption. The main cycles 
of oxygen consumption remained unchanged. This indicates 
that light was a minor synchronizer. Some other synchronizer 
or synchronizers were synchronizing the maln periodicity. I I 
Because *he main synchronizer was unlmoun, no conclusion I 
oonld be dram to determine if the major mechanism for 
periodioity was biologically timed or externally timed. 
Continued research in determining the identification 
of the synchronizer is recommended. 
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